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ABSTRACT
The Fundamental Plane (FP) is an empirical relation between the size, surface brightness, and
velocity dispersion of early-type galaxies. This relation has been studied extensively for early-type
galaxies in the local universe to constrain galaxy formation mechanisms. The evolution of the zero-
point of this plane has been extended to high redshifts to study the luminosity evolution of massive
galaxies, under the assumption of structural homology. In this work, we assess this assumption by
replacing surface brightness with stellar mass density and present the evolution of the “mass FP”
for massive, quiescent galaxies since z ∼ 2. By accounting for stellar populations, we thereby isolate
and trace structural and dynamical evolution. Despite the observed dramatic evolution in the sizes
and morphologies of massive galaxies since z ∼ 3, we find that quiescent galaxies lie on the mass FP
out to z ∼ 2. In contrast with ∼ 1.4 dex evolution in the luminosity FP, average residuals from the
z ∼ 0 mass FP are less than ∼ 0.15 dex since z ∼ 2. Assuming the Hyde & Bernardi (2009) mass
FP slope, we find that this minimal offset scales as (1 + z)−0.095±0.043. This result lends credence
to previous studies that derived luminosity evolution from the FP. Therefore, despite their compact
sizes and suggestions that massive galaxies are more disk-like at z ∼ 2, the relationship between their
dynamics and structural properties are consistent with local early-type galaxies. Finally, we find no
strong evidence for a tilt of the mass FP relative to the Virial plane, but emphasize the need for full
models including selection biases to fully investigate this issue.
Subject headings: galaxies: evolution — galaxies: formation — galaxies: elliptical and lenticular, cD —
galaxies: high-redshift — galaxies: kinematics and dynamics — galaxies: structure
1. INTRODUCTION
Strong correlations between the structural properties
and dynamics of early-type galaxies have been exten-
sively demonstrated, most notably in the Fundamen-
tal Plane (FP), which connects the surface brightness,
size, and velocity dispersion of these massive galaxies
(e.g. Djorgovski & Davis 1987; Dressler et al. 1987). The
“tilt” and zeropoint of the FP with respect to the ex-
pected Virial plane (VP) are related to the M/L ratios
of these massive galaxies. Although the form of the FP
does not evolve strongly (e.g. Holden et al. 2010), the ze-
ropoint of the relation evolves dramatically with redshift.
This evolution has been modeled as surface brightness
evolution due to aging stellar populations of early-type
galaxies (e.g. van Dokkum & Franx 1996; Holden et al.
2010; Toft et al. 2012), although it has also been sug-
gested to be a result of galaxy size evolution (Saglia et al.
2010).
Due to the availability of stellar mass estimates from
broadband photometry, surface brightness can be re-
placed with stellar mass density in the “mass funda-
mental plane” (mass FP) (e.g., Hyde & Bernardi 2009,
HB09). The mass FP is closer to the Virial Plane (e.g.
HB09). Furthermore, it is not sensitive to aging stel-
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lar populations and is stable in galaxy merger simula-
tions; once galaxies lie on the mass FP they are expected
to evolve along that relation (e.g. Boylan-Kolchin et al.
2006; Robertson et al. 2006). Recent observations have
uncovered the dramatic morphological evolution of mas-
sive galaxies since z ∼ 2, both in size (see e.g.
van Dokkum et al. 2008, and references therein) and
possibly in shapes (see e.g. van der Wel et al. 2011;
Chevance et al. 2012). Such evolutionary effects are not
explicitly included in simulations of FP evolution and
could move galaxies perpendicular to the FP.
In this paper, we observationally test the stability of
the mass FP since z ∼ 2. This work includes a com-
pilation of data from the literature in conjunction with
a new sample of galaxies at z ∼ 0.7 with spectroscopic
data from the DEIMOS spectrograph on Keck II and
HST (ACS/WFC3) imaging.
We assume concordance cosmology (H0 =
70 km/sMpc−1,ΩM = 0.3&ΩΛ = 0.7) and AB
magnitudes.
2. DATA
2.1. z ∼ 0: SDSS
The local galaxy sample is drawn from the Sloan Digi-
tal Sky Survey DR7 (Abazajian et al. 2009) and includes
galaxies at 0.05 < z < 0.07. Galaxy effective radii are
r′ band Se´rsic fits from Simard et al. (2011) and stel-
lar mass-to-light (M/L) ratios are taken from the MPA-
JHU catalog (Brinchmann et al. 2004) and scaled to the
best-fit Sersic magnitudes (see e.g., Taylor et al. 2010).
Spectroscopic redshifts and velocity dispersions are taken
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from the Princeton pipeline. All velocity dispersions are
aperture-corrected to Re by:
σRe = σap(rap/Re)
0.066 (1)
as derived by Cappellari et al. (2006) for local early-
type galaxies in the SAURON sample. Absolute g′-band
magnitudes are calculated using NYU-VAGC Kcorrect
AB g′-band magnitude, K-correction (Blanton & Roweis
2007), the distance modulus, DM(z)
Mg′ = mg′ −DM(z)−Kg′(z). (2)
2.2. Velocity Dispersion-Selected Sample at z ∼ 0.7
We observed & 100 galaxies at 0.4 < z < 0.9
from the Newfirm Medium Band Survey (NMBS)-
Cosmos (Whitaker et al. 2011) and UKIDSS UDS fields
(Williams et al. 2009), focusing on overlap with the
CANDELS (Grogin et al. 2011) fields, using DEIMOS
on Keck II from January 19-21, 2012. Three masks were
observed: two in NMBS-Cosmos with total exposures of
13.67 and 5.67 hours and one in UDS for 7.67 hours us-
ing the 1200mm−1 grating, centered at 7800 A˚. Galaxies
were selected to span a range in inferred velocity disper-
sion (see e.g. Bezanson et al. 2011), σinf & 100 km s
−1.
This corresponds to a selection in size and mass, with
no preselection on morphology. Therefore the dataset in-
cludes early and late-type and quiescent and star-forming
galaxies. Only the 54 quiescent galaxies with ≤ 10% er-
rors in velocity dispersion and HST imaging are included
in this Letter, the complete dataset will be fully described
and published in Bezanson et al. in prep.6
Spectra were reduced and extracted using the Spec2d
pipeline (Cooper et al. 2012; Newman et al. 2012). Tel-
luric corrections are applied by fitting models for atmo-
spheric absorption, scaled to fit spectra in each mask.
The instrumental resolution, as measured from sky lines,
was ∼ 1.6 A˚ at ∼ 7800 A˚, which corresponds to R ∼ 5000
or ∆ v ∼ 60 km s−1 with a spectral range of ∼ 6500 −
9200 A˚. Velocity dispersions were measured using PPXF
(Cappellari & Emsellem 2004) to fit Bruzual & Charlot
(2003) SPS models. Measured velocity dispersions are
corrected for the template dispersions and are aperture
corrected to Re using the best-fit Se´rsic profile from
CANDELS F160W WFC3 imaging (van der Wel et al.
2012) when available (28 galaxies) or ACS F814W imag-
ing (Bezanson et al. 2011) in NMBS-Cosmos (24 galax-
ies). Errors on velocity dispersions do not include addi-
tional effects such as template mismatch, which will be
fully discussed in Bezanson et al. in prep.
2.3. Literature Data at z > 0
We compiled a sample of 64 galaxies spanning 0.5 <
z < 2.2 with spectroscopic velocity dispersion measure-
ments. We ensured that derived properties, such as aper-
ture corrections to measured velocity dispersions, stellar
masses, and rest-frame colors are calculated uniformly.
Best-fit Se´rsic parameters are measured from HST imag-
ing. Spectral energy distribution (SED) fitting for stellar
masses and rest-frame colors are calculated uniformly fol-
lowing e.g. Whitaker et al. (2011), with all luminosities
6 Subsample coordinates and velocity dispersions can be found
at http://www.astro.yale.edu/bezanson/Bezanson+13b.html
corrected to reflect the total luminosity of the best-fit
Se´rsic profile.
We match 17 galaxies from the Wuyts et al.
(2004) sample to the FIRES photometric cata-
log (Fo¨rster Schreiber et al. 2006) and Se´rsic fits
from Blakeslee et al. (2006), excluding galaxies with
“Merger/Peculiar” morphologies to eliminate poor fits.
Blakeslee et al. (2006) report both Galfit and photomet-
ric I band (F814W) magnitudes, which we further correct
with the ratio of “auto” to total flux in the Ks band in
the FIRES catalog for each galaxy.
The van der Wel et al. (2005) sample (17 galaxies) is
matched to the photometric 3D-HST v.2.1 catalog in
GOODS-S (Skelton et al. in prep) and van der Wel et al.
(2012) catalog of Sersic fits to CANDELS F160WWFC3
imaging. Luminosities are corrected to the Se´rsic mag-
nitudes using photometric F160W magnitudes.
The single galaxy in van Dokkum et al. (2009) is in
the MUSYC 1255 catalog (Blanc et al. 2008).7 A best-
fit Sersic profile is fit to NICMOS2 imaging in the H160
band. We do not have a calibrated Se´rsic flux for this
galaxy, nor are there photometric measurements from
the NICMOS imaging, however the effective radius of
1255-0 is small (∼ 0.1′′) so we expect the photometric
measurement to be excellent from the MUSYC imaging.
The 16 galaxies in the Newman et al. (2010) sam-
ple are located in the EGS (Extended Growth
Strip), GOODS-N, and SSA22 fields. Photometry
and morphological measurements (de Vaucouleurs pro-
files) in the ACS F814W (EGS and GOODS-N) and
F850LP (SSA22) bands in this sample are provided in
Newman et al. (2010) and by private communication
with the author.
The van de Sande et al. (2011, 2013) sample in-
cludes five galaxies from NMBS-Cosmos catalogs
(Whitaker et al. 2011) and UKIDSS UDS catalogs
(Williams et al. 2009). For four of these galaxies, Se´rsic
profiles are fit to F160W WFC3 imaging. For one
galaxy for which HST imaging is unavailable, the size is
measured from ground-based UKIDSS K band imaging.
Se´rsic luminosity corrections are provided in the original
sample.
Finally, we include eight galaxies at z ∼ 1.5 from
Bezanson et al. (2013), also from NMBS and UDS cat-
alogs. For seven of these galaxies, Se´rsic profiles are fit
to F160W WFC3 imaging, with aperture magnitudes di-
rectly measured from the same imaging. For one galaxy
the size and Se´rsic luminosity are measured from F814W
ACS imaging.
2.4. Derived Properties: Sizes, Stellar Masses, &
Rest-frame colors
Galaxy sizes are defined as the circularized effective
radius, Re =
√
ab from Se´rsic fits. We note that al-
though traditionally Re is defined in FP studies by fit-
ting r1/4 profiles, fitting the more flexible Se´rsic profiles
has been shown to give consistent FP parameters (e.g.
Kelson et al. 2000).
All published velocity dispersions are aperture cor-
rected to Re, following equation (1).
7 1255-0 is at the edge of the MUSYC field and is excluded from
the public catalog.
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Fig. 1.— Structural and dynamical measurements included in the mass FP. Symbol colors correspond to galaxy redshift and shapes to
data sample. Top Row: log Re versus log M⋆ and Bottom Row: log σ versus log M⋆ in redshift bins to z ∼ 2.
Stellar M/L estimates are calculated for each SED us-
ing FAST (Kriek et al. 2009) and corrected to the best-fit
Se´rsic luminosity to account for missing flux in the pho-
tometric catalogs. For all samples, we assume delayed
exponential star-formation histories, a Chabrier (2003)
IMF and use Bruzual & Charlot (2003) templates. Rest-
frame colors are calculated using InterRest (Taylor et al.
2009).
2.5. Selection of a Quiescent Sample
For this study of the FP, we only include galaxies that
are dominated by quiescent stellar populations, as de-
fined by their rest-frame colors. For SDSS galaxies, we
isolate red sequence galaxies using 0.1(g − r) color cuts
from Graves et al. (2007). We note that using structural
cuts at z ∼ 0 instead (following e.g. HB09) does not
impact the conclusions of this Letter; changes of derived
FP parameters are within quoted uncertainties. In or-
der to distinguish between red galaxies at high-z which
are quenched, and those which have significant dust-
reddening, we use the SED shape in the near-IR. This
method has been shown to effectively isolate quiescent
galaxies (e.g. Williams et al. 2009; Whitaker et al. 2012).
We adopt U-V and V-J color cuts from Whitaker et al.
(2012), defining quiescent galaxies as U − V > 1.3,
V − J < 1.5, and U − V > 0.8(V − J) + 0.7. Although
these spectroscopic samples primarily consist of quies-
cent galaxies, this eliminates a fraction of galaxies, par-
ticularly for the DEIMOS sample (§2.2).
The final sample consists of 16598 quiescent galaxies
in the SDSS and 102 from 0.3 < z < 2.19. Fig.1 shows
the wide range of properties of galaxies in the combined
sample. We include galaxies with log M⋆ ≥ 10, how-
ever the effective mass limits of spectroscopic surveys
increase with redshift as longer exposures are required
to obtain sufficient S/N for dynamical measurements. In
the top row of Fig.1, the evolution of galaxy size at fixed
stellar mass (see e.g. van Dokkum et al. 2008) is promi-
nent for this sample. The bottom row of Fig.1 indicates
that galaxies in this sample have somewhat higher ve-
locity dispersions at fixed mass with redshift. We note
that apparent evolution in size and velocity dispersion
is a combination of selection bias and intrinsic evolu-
tion. Incompleteness in spectroscopic samples can also
be influenced by galaxy compactness, and therefore ve-
locity dispersion, which boosts S/N as more light enters
the spectrograph aperture, biasing towards more com-
pact galaxies with higher velocity dispersions (see e.g.
van de Sande et al. 2013, for more in-depth analysis of
these biases).
3. FUNDAMENTAL PLANE IN LUMINOSITY AND MASS
Fig.2 shows an edge-on view of the g′-band FP out to
z ∼ 2. The FP follows the form:
log Re = a logσ + b log Ie,g′ + cz, (3)
with a zeropoint that scales linearly with redshift: cz =
c+d(z−〈zSDSS〉) (see e.g. van Dokkum & van der Marel
2007) and 〈zSDSS〉 = 0.063. We define log Ie,g′ ≡
−0.4〈µe,g′〉, where 〈µe,g′ 〉 is the average surface bright-
ness within Re, corrected for cosmological surface bright-
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Fig. 2.— FP and mass FP. Symbols as in Fig.1. Lines indicate z ∼ 0(solid black) and redshift-dependent (gray dashed and shaded
regions) relations. Top Row: Rest-frame g′-band FP. Assuming no evolution in slope, the FP zeropoint evolves strongly with redshift.
Bottom Row: Mass FP. Despite their structural evolution, galaxies at all redshifts lie on a very stable mass FP.
ness dimming (see e.g. HB09) as:
〈µe,g′〉 = mg′ + 2.5 log(2pi Re2)− 10 log(1 + z). (4)
Sample incompleteness is significant at high red-
shift and would bias measurements of the slope of the
FP (e.g. Jorgensen et al. 1996), however Holden et al.
(2010) found that the form of the FP does not
evolve strongly with redshift. As shown in many
other studies, there is strong evolution in the ze-
ropoint (see also e.g. van Dokkum & Franx 1996;
van Dokkum & van der Marel 2007; Holden et al. 2010;
Toft et al. 2012, and references therein). We assume the
HB09 slope ([a, b] = [1.404, 0.761]) and fit zeropoint and
evolution as follows. First we fit the SDSS zeropoint
(c = c(z = 〈 zSDSS〉)) by minimizing mean absolute or-
thogonal residuals from the plane:
∆ =
| log Re − a logσ − b Ie,g′ − cz |√
1 + a2 + b2
, (5)
for galaxies in the SDSS sample, with bootstrap resam-
pling to estimate errors (following e.g. Jorgensen et al.
1996). For errors on the z ∼ 0 zeropoint, we add ∼ 10%
error in quadrature to account for systematic sources of
error. Fixing [a, b, c], we draw samples from the SDSS
and high-z samples and fit for the redshift evolution.
In the mass FP, we replace Ie,g′ with stellar mass sur-
face density:
Σ⋆ ≡
(
M⋆
2piRe
2
)
(6)
The bottom row of Fig.2 shows the evolution of the mass
FP, which follows:
log Re = α log σ + β logΣ⋆ + γz, (7)
in which the redshift-dependent zeropoint scales as γz =
γ + δ log (1 + z − 〈zSDSS〉). Again we assume the HB09
slope [α, β] = [1.6287,−0.840] of the mass FP (from
M/Lspec) and orthogonally fit the z ∼ 0 zeropoint
〈γ〉 = 4.475± 0.001 with bootstrap errors and add ∼ 10%
systematic error. This fit is similar to the value ob-
tained by HB09 (γ = 4.42), despite subtle differences
e.g. in sample selection, aperture corrections, and size
measurements. We fit redshift evolution of the mass FP,
δ = −0.095± 0.043, for the complete sample with boot-
strap resampling.
Best-fit FP and mass FP are included in Fig.2 and
Fig.3 (black solid line: z ∼ 0, gray dashed line: redshift-
dependent) and reported in Table 1.
We calculate scatter about log Re using the biweight
sigma to calculate the outlier resistant rms in:
∆FP = log Re − (a log σ+ b Ie,g + c+ d(z − 0.063)) (8)
and
∆MFP = log Re−(α log σ+β logΣ⋆+γ+δ log(1+z−0.063)).
(9)
We measure a scatter of 0.110 ± 0.009 in the SDSS FP
and 0.106 ± 0.001 in the mass FP, of which 0.0624 and
0.076 respectively are due to observational errors. Uncer-
tainties in observed scatter are estimated with bootstrap
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Fig. 3.— Residuals from the luminosity (top) and mass FP (bottom) with best-fit evolving FPs (dashed gray lines). Left panels include
individual galaxies; right show average residual in redshift bins. While the FP evolves ∼ 1.4dex since z ∼ 2, mass FP residuals are
. 0.15 dex at all redshifts and evolves only ∼ 0.04 dex since z ∼ 2.
TABLE 1
Best-Fit Fundamental Planes
Luminosity FP Mass FP
logRe = a logσ + b Ie,g + c+ d(z − 0.063) logRe = α log σ + β log Σ⋆ + γ + δ log (1 + z − 0.063)
a b c d α β γ δ
1.404 -0.761 −8.943 ± 0.894 0.708 ± 0.016 1.6287 -0.840 4.475± 0.448 −0.095± 0.043
resampling and scatter due to measurement errors are
averages of simulations of scattered data. We find that
scatter increases at z & 0, with rmsFP = 0.161± 0.018
(0.066 dex due to errors) and rmsMFP = 0.171 ± 0.016
(0.086 dex due to errors). Therefore both FPs have
similar intrinsic scatter: 0.146 dex about the FP and
0.148 dex about the mass FP.
The evolution of the mass FP is in striking contrast
with that of the luminosity FP. The mass FP exhibits
very little apparent zeropoint evolution: galaxies out to
z ∼ 2 lie roughly along the local relation. Residuals,
calculated by subtracting out the z ∼ 0 luminosity and
mass FPs, as a function of redshift are shown in Fig.3,
for individual galaxies (left) and averages as a function of
redshift (right). By z ∼ 2, the FP zeropoint has evolved
by∼ 1.4 dex. Residuals from the mass FP do not system-
atically evolve with redshift; the best-fit relation intro-
duces only∼ −0.04 dex of evolution by z ∼ 2 and average
residuals are within 0.15 dex of the z ∼ 0 relation.
This result was an implicit assumption in previous
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studies of FP evolution. However, the observed strong
evolution of massive galaxies since z ∼ 2 in size (e.g.
van Dokkum et al. 2008, and references therein), mor-
phologies (e.g. van der Wel et al. 2011), and stellar pop-
ulations might lead one to question this assumption. De-
spite this complexity, it seems clear that whatever pro-
cesses dominate the evolution of dynamically massive
galaxies in the last ∼ 10 billion years do so within the
mass FP.
4. MINIMAL TILT OF THE MASS FP
Faber (1987) first demonstrated that the existence of
the FP can be understood as a consequence of the Virial
theorem, plus a tilt. The stability of the mass FP pre-
sented in this Letter is evidence that offsets of the clas-
sical FP relative to z ∼ 0 are largely due to M/L varia-
tions. However, whether the mass FP is consistent with
the Virial Plane, Re ∝ σ2 Σ−1e , (e.g. Cappellari et al.
2012) or slightly tilted due to other effects such as non-
homology (HB09) is debated.
Fig.4 shows Mdyn/M⋆ versus mass to assess the mass
FP tilt. In this case a tilted mass FP would result
from variations of Mdyn/M⋆ within the galaxy popula-
tion. In Fig.4 a-b, we reproduce the HB09 tilt, plotting
against log Mdyn = 5σ
2Re/G. However, when com-
pared to M⋆ (Fig.4 c-d), the tilt disappears and the rela-
tion is approximately Virial. In Fig.4 e-f, we introduce a
Se´rsic-dependent Virial constant, β(n) = 8.87−0.831n+
0.0241n2 (Cappellari et al. 2006) (Fig.4 g-h), to deter-
mine Mdyn(n), again finding a slight tilt. We note that
the distribution of β(n) in M⋆ appears to be similar for
the high and low-z galaxies in this sample. Taylor et al.
(2010) found that adopting a Se´rsic-dependent Virial
constant (for σ(< Re/8)) largely removes the Mdyn/M⋆
variations with stellar mass. We do not find strong vari-
ation in Mdyn/M⋆ across the galaxy populations (for
σ(< Re)). However, since introducing β(n) results in
a slightly shallower tilt (Mdyn(n)/M⋆ ∝ Mdyn(n)0.16
(Fig.4 e) versus Mdyn/M⋆ ∝ M0.20dyn (Fig.4 a) in SDSS)
non-homology may still be important to the mass FP tilt.
We emphasize that sample incompleteness can influence
these diagnostics dramatically; for example a lack of low
M⋆ galaxies could introduce the dearth of highMdyn/M⋆
ratios at low Mdyn. Sample cuts in magnitude, signal-
to-noise, Se´rsic index, and velocity dispersion will also
influence slope measurements. We conclude that there is
no strong evidence for a tilt of the mass FP in this sample
and emphasize the need for more complete spectroscopic
samples at high-z and a full model including selection
effects and distribution functions to resolve this issue.
5. DISCUSSION AND CONCLUSIONS
In this Letter, we find that the mass FP, or relation
between stellar mass density, size, and velocity disper-
sion, for massive galaxies has not evolved significantly
since z ∼ 2. This is in striking contrast with the evolu-
tion of the luminosity FP, which was also in place but
with an offset. This result is noteworthy because of the
observed strong structural evolution of massive galaxies
in this epoch.
The mass FP reflects the combination of the virial the-
orem, the relation between Mdyn/M⋆ and Mdyn (i.e. the
dark matter fraction as a function of Mdyn), and the
non-homology as a function of Mdyn. Robertson et al.
(2006) suggest that the tilt in the mass FP may arise
from quenching via gas-rich mergers: gas cooling and star
formation are more efficient in low mass systems, lead-
ing to an increase of Mdyn/M⋆ with increasing Mdyn.
Robertson et al. (2006) also find that gas-poor merg-
ers do not alter the tilt of the mass FP (see also e.g.
Boylan-Kolchin et al. 2006). These results are in quali-
tative agreement with the observational results presented
in this Letter. In this context, the weak or absent trends
with redshift in Fig. 4 may suggest that dissipationless
processes dominate in our samples.
This study ignores the potential impact of non-
homology on the mass FP. Evolution in Se´rsic index
and effective radius can have significant implications
for evolving dark matter fractions in massive galax-
ies. Although this will be unimportant for measured
size and surface density, velocity dispersion is sensi-
tive to the total mass enclosed within a given radius.
Given the observed inside-out growth of massive galax-
ies (Bezanson et al. 2009; Patel et al. 2013) the impact
of this growth on the mass FP could be dramatic. How-
ever, the magnitude of this effect is strongly dependent
on the evolution of the stellar and dark matter profiles,
the latter being extremely difficult to constrain. Models
of galaxy evolution including observational constraints
on the structural evolution of massive galaxies as well as
realistic dark matter halos would be extremely informa-
tive with respect to the impact of non-homology on the
mass FP.
A number of observational studies have found evidence
for non-universal IMFs (e.g. van Dokkum & Conroy
2010), indicating that dwarf populations, and therefore
M/Ls, increase with the depth of galaxy potential wells.
The assumption that galaxies follow a Chabrier (2003)
IMF could further contribute to the apparent tilt in
M⋆/Mdyn versus Mdyn.
Finally, we emphasize that this high-redshift sample is
quite biased towards the most massive, brightest galax-
ies. Larger, more representative spectroscopic samples of
galaxy dynamics at z > 1.5 are becoming possible with
the newest generation of multi-object, near-IR spectro-
graphs. Future studies will help determine the scatter in
galaxy properties along the mass FP at lower masses and
out to higher redshifts.
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Mauna Kea and to all contributing agencies for funding
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